Resonant optical cavities are major building blocks in many applications, from microlasers and high-sensitivity biomedical sensor systems to optical filters, switches, and integrated circuits. Device performance depends strongly on their stability against changes in ambient conditions. For example, refractive-index sensors based on optical-resonance techniques suffer from temperature drift that introduces noise and degrades sensitivity. 1 As a second example, the thermal stability of integrated photonic devices is crucial for making commercially viable integrated optoelectronic circuits.
Resonant optical cavities are major building blocks in many applications, from microlasers and high-sensitivity biomedical sensor systems to optical filters, switches, and integrated circuits. Device performance depends strongly on their stability against changes in ambient conditions. For example, refractive-index sensors based on optical-resonance techniques suffer from temperature drift that introduces noise and degrades sensitivity. 1 As a second example, the thermal stability of integrated photonic devices is crucial for making commercially viable integrated optoelectronic circuits.
Recently, several techniques have been proposed to create temperature-insensitive nanophotonic devices. One group micromachined a Fabry-Pérot cavity into a single-mode optical fiber. 2 A second team employed a microstructured fiber containing a Bragg grating and infiltrated its holes using a refractiveindex material with a negative thermooptic coefficient. 3 Other approaches include silicon-on-insulator waveguides coated with negative-coefficient polymer cladding 4 and silicon waveguides in a balanced Mach-Zehnder configuration. 5 We suggest a novel approach that is adaptable to a wide range of applications. 6 It is based on the tendency of fluid refractive indices to decrease with temperature, while those of a range of dielectrics vary in the opposite way. Thus, with an appropriate design, these opposing tendencies cancel each other out, creating a thermally balanced optical configuration.
The key concept of our scheme relies on infiltrating the lattice with a liquid that has a negative thermooptic coefficient, which balances the positive thermal drift of the host photoniccrystal (PhC) material. Figure 1 shows the temperature dependence of the refractive indices for silicon and a commercially available Cargille immersion oil, type B (with thermooptic coefficients ∂n Si /∂T = +2 × 10 −4 /K for the former and ∂n L /∂T = −3 × 10 −4 /K for the latter). For PhC waveguides with air holes penetrated by liquid, the effective refractive index experienced by guided modes depends on the combination of the two (host material and liquid), weighted by the filling fraction f . This represents the relative electric-field overlap with the corresponding material. PhC host materials (silicon and III-V-type semiconductors) have positive coefficients, 7 as opposed to most liquids 8 and polymers. 9 Therefore, a large range of pairings has an effective combined index that renders devices temperature insensitive if the guided mode has an appropriate fraction of electric-field overlap in each material.
To form a microfluidic double-heterostructure cavity (see Figure 2 ), [10] [11] [12] we infiltrated Cargille immersion oil (see Figure 3) into-silicon PhC membranes. spectra as a function of temperature while probing an infiltrated optofluidic cavity. The microfluidic cavity sustained Fabry-Pérot resonances with moderate quality factors of order 15,000-20,000.
We found that the resonance wavelengths of the Fabry-Pérot cavity shift with temperature (see Figure 4) . In the temperature range investigated, resonances (2) to (5) show a blue shift between −0.03 (2) and −0.06nm/K (5), while (1) remains exceptionally stable at λ = 1405nm, with an extremely low gradient of −0.003nm/K. This represents a 20-fold reduction in temperature sensitivity compared to (5) and a 27-fold decrease compared to a standard silicon-PhC waveguide. 13 The data in Figure 4 demonstrates an important generic property: if a system of elements with opposing temperature dependencies creates a range of resonances, then there will often be one where field sharing leads to temperature insensitivity.
In summary, we have demonstrated a scheme to make nanophotonic devices independent of their environment's temperature. This promotes development of robust, high-sensitivity sensor systems that respond to liquid refractive-index changes, while reducing the complexity caused by thermal fluctuations. Temperature insensitivity may also pave the way for highprecision nanophotonic components such as microlasers, filters, and switches. Future work will incorporate thermally stable cavities into fully integrated, reconfigurable optical circuits. We plan
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to combine numerous optofluidic components on the same platform through selective air-hole infiltration, enabling highly complex optical capabilities. Benjamin Eggleton is an ARC federation fellow and professor of physics, as well as director of CUDOS. His research includes nonlinear optics, PhC fibers, optical signal processing, and optofluidics.
We thank the Australian

